TND6372CN/D
Rev. 2, May - 2023

onsemi

BH LFM fniE E#MIThEERY 2
HDR E{& & a5

|||
(93]
=
3

© Semiconductor Components Industries, LLC, 2022 1 Publication Order Number:
May, 2023 - Rev. 2 TND6372CN/D



BEF LFM fniEEKENIigElZER 3 um HDR B & RS

Sergey Velichko. Dave Jasinski. Michael Guidash. Daniel Tekleab. Manuel Innocent. Andrew
Perkins. Shaheen Amanullah. Maheedhar Suryadevara. Chris Silsby #1 Jeff Beck

=

AR T — NN YRR 3 um B RIERE 130 75
& CMOS BIGALIRES, 1RO T 2 EROUHLE]Y &
iX140dB 7 2h &5 H (HDR), ZHDRINE A B 37 #F
LEDIAFRFR o HI TR R kb i i Ve ik — 20k J
MIT AL, E# +100°C FIGIR T, S50 AR
FFPE 30 dB 5L b o $RALKH LM #45E DL3RAE o 5%
JERITNEROG o 3l AN OB R R ILZ [/ — Al Sk 1
ﬁg,ﬁ%%é@%@%wwm@w,ﬂu%mﬁ%
#3lid

CMOS. FEE . mah& i (HDR). EUEAL KA.
LED [NARTHER (LFM).

L. 8IS

BT IR 75 MG A B A8 IEAE RO B A A BR LED Filis
FHATEH (HDR) FIE RE 5. AT K T A1
Z B G AL K45 428 [1], HDR mliAHL 140 dB
[2], Zii =ik +125 °C. Tfif# Pk HDR A1 LED [N 4R
Bi (LEM) [r) 25 1) VA A% Tt ) 2 5 FH ik i 4 2 45
[3] FR/AMEZRGEM [4]-[6] TR I o 3X e fif ok J7 28 52
W7 RIUFM LFEM Zhae, He SHEME R E TR,
JHRAERFER T S T o B AR R A A
(LOFIC) ZE#4 [7]+ [8] M- BAME S5 %R 4 FH i it AT
TEKESAMEM [9]. [10], BIMEER T T EE %
P B RE S LEM I = M fEHDR . 3% 2855 19 4 FH 1
G AR K IR IEAEHES) B 325 Bl RN il By 25 b 1) s adt e
PLRCE U AL S, AR AT S A H T e AR
B IS ) R B B S iR o — R N R O 7 A
A8 R I HAG S il i 7 Sk b G PR FN PR B 8

FHF 2022 F1 B 14 HYZEl; 2022 £ 3 H 22 B&IT; 2022
£ 4 851 B#ES. AXWERB%EE G. Meynants k.
(#BififEZ: Sergey Velichko. )

EERBRFRE (onsemi) FEERMI, ZESETMNEREER
(HR%m 83642, HL-FHRF: sergey.velichko@onsemi.com).

AXH—MEENEIGEIE & IRA T https : //doi.org/10.1109/
TED.2022.3165517 £ 3k#5.

W RARFINZ 10.1109/TED.2022.3165517

Vaapix Vaapix

0] ®)
SGA

Pixout

1. SE ANMEHBZIRE (PD) # DCG B &EIFEE.

Il RFgIt
FATBFH MR T — 3 um 130 /5% CMOS Ji&
Ba%, BT i Tt RE 3R At R 2 HDR R R
&, FTAEMLIL (SNR) ¥4 4R7E 30 dB 5L b 4
JEHL R (PD) AU #e &5 (DCG) J\ M5 & IR
PR LK 1,
R BHPAT T — AR, R PR
1) PYBE% 140 dB HDR &4 3K [2];
2) Bk LFM (pLEM) [3] i FH R T T# 2 SGA HH
SGB. 1&HiMi TXA 1 TXB, LK HEFEshY
Bt (FD). DCG il fl s 2% 88 C ARG & W
FEAET R
3) HZHEN (SE) LOFIC HDR LFM [9].
PIA7 T A A TXA AT TXB;
4) @Ik R B SN L 55 S PD (PDA
A PDB) {55 M1, B E AR AL Il i
IR S P URR B B [11].

g E T, SO (RST) M1 SGA/SGB #it#) H T
{7 PD (PDA F PDB), LAKA7f75 5 FD #1 C. &
W ERBE 3% (SF) 4734 (RS) MR FH T 545 &K 82 5
1) B B LA S IR H 1

[10] &4

www.onsemi.cn

2


http://www.onsemi.cn/

X [um]
X [um]

2. EHMA PD Mtk e9 TCAD BFH SR,
(a) I EFN (b) FEE .

3. RAEEREMXKNZERE HDR 444,

Kl 2 Jg7s TRERKIMAS PD MM E) TCAD FL#5 7>
M EAE R, RSk T 58 2N A 2 F PD Al BRAK )
EPERE. 5 EL B, PD IEAEMGEN, WS A4
PD V3R FEA RERDE T A . B 2(a) BoR T
IEAE B2 H ¥ PD Rk DA K& A1 FEl (1) — 2% RST. SF.
DCG H1 RS #th. B 2(b) & T H L) TXA/TXB Hif
WA ALY SGA/SGB i), 72l PD +74 HL %7,
A PD IETEREH .

. ZEE|R HDR

% H RO S I AE 2 i HDR A5 [1] F1IE3R 220
X (& 3). T1 HEFAN T2 HEAR A7 Gk 2 b X 43 590 F T2
FELE S — I T1 BEGAAS — s T2 Bt i A 35
WG RE S X XA T RSN,
JF7E HDR HG R E S HEAMRM A . E5 =R
MRt T3 45, A = AME REW A A R — HDR
ZAE, WS IRE N 20 7, BLIYREREG N 24 A1
(LA HHN T3 RN R, EmiEERIRT,
=RE VRIS 120 dB,  DYIRIEE U VR RI& 140 B
~HDR.

IR VYRS HDR AU R PE R IR 27 140 dB
FHASTEE AT B E M L 2 T o= T 30 dB, 2R
— I T1 BR'G3 HA8 F e 468 2 (HCG) (B 4)

HAREH B ) HCG T1 5 BEA ¥ R sh Va1
REEHI R (LCG) T2 T3 Ml T4 ARG, #24ET
R R E e e, R R T BN EE S

HARE H A 1 HCG T1 5 B A § R sh 6 1)
REEHI R (LCG) T2 T3 Ml T4 S HAHA G, #24ET
H R E e e, R R T BN EE AN
JEHE RV Bl

50

40

ELE (dB)
\

=

20

0

1 10 100 1000

B (a.u.)
E 4. FRERAEEIR 140 dB ZhASTEE R ERREE, LR
HCGT1. LCG T2, LCG T3 #1 LCG T4 IRXiEH .

10000 100000 1000000 10000000

ii:
™| 1| i
bCG I e Bl | PD TX FD DCG C
RST I 1 nn |
RS [
SHR |
SHS nnn
S| R 1T

[ 5. SE LFM {& ZRTFFIE LA,

IV.# LFM & HDR

BRI 2 IR HDR Nk St 7 it
kg, (HEMSiaZRZ 3 LED N5
Wi FRATARLETTRE | 2 0 K T4 % SE LOFIC #:1E 1
TAE [9]- [10), FEE— 0 oo T @ B AL T
fit. B 5 WX T8 LOFIC HDR A i8I 77 Al el
ALl . S5EWITAE [9]. [10] ML, TX F1 DCG Mtk
T FL A SR A 1T 1) 14 L s 8 A R 3 — 20 T2 4Rk
D T AEAE T S R S, AT T e T S
W LU o JE I AR KBS 2 KA TE)RE TX A1 DCG itk
P VR AR FRAE SR AS . PD RIAE A s (1 IS L3
FEEAS SR 511 (DSNU) 158 503 .

TX 1 DCG A% 7E H 47 SR B2 H 0] i H e s ik b 94T
BRI TS TR IR Y

FEBZ BB, A7 s b R 1 HLAAT DAXCR A AR 2
[ — DRSS (SHS) I — AN SRR R S A7
(SHR)] i, #RJ5 4 HCG (35 — /> SHR Al — 4
SHS) I LCG (55—~ SHR #1155 =4~ SHS) K BUR
FERCAR SR H 4> PD H LA

www.onsemi.cn

3


http://www.onsemi.cn/

EfEkELL
50

| — =wEE s
N 100°C iREE | Pd
R
A
7
= A V A
@ 3
g /
X /
o 7
£ 5 /
10 ;
0
10 100 1000 10000 100000 1000000
B (a.u)
(a)
HUHES5RE
50
40 +
30 \
20
g 1w =
1‘& 0.0 N a N _/
e V\'\, Ay i
& 104 \- AS
2.0
-3.0
40
5.0 R I R AR [ R
0.01 0.1 1 10 100 1000 10000 100000 1000000
RE (lux)
(b)

[E 6. (a) SE 120 dB F#SSEE R S5EREES 16 ms
SEEFIRERXR, (b) &% HDR LFM 554
ESHRERENXR.

K 6(a) B, =IE5 +100°C 455 TS S EL
B, [T ARSI 120 dB HDR LFM 4 fg .

XA R R IR T A U &2, 7E +100°C
16 ms B ITE] T, B S e LA e 5 7E 30 dB
s L L [ 6(a)], HEAE +125°C FIESEK 8 ms 143
AHIE L N it . B HE— 25 1 T MG KAk
Ak, PIAE 2 IR +125°C IR 2 18] 5 E A0
A7 SRS B AT DSNU [9]+ [10], AT ZE s T SEBl s
PERE. BT RN LCG e, o — KI5 b i
ek A AE HCG #E ) PD 155352 AT LCG #E R f i2
W28, 55 RS e LU 38 0 18 R AP it ae i FE R
1 DSNU, ‘EAT5EEFFIS A C . BEIRXCRAE
T2 P e S R = R N S B G X 1 L
R, (EAEAEAE T 2SS B DSNU (5 32 S A7
PR AR, AR MREENEE. F G
Mg L 0 7 28 — IR AR R I 50 IR e 2 8] . 28
— KRS R 2 1) b R 3 1) 1 435 e EL B ARG O
fE. Rk, 2= EE R SRR

'] L FEReEe g

() (b)

& 7. iAtREY LED FiEshih s Bl L
(a) SE HDR LFM %ttt (b) =#&3¢ HDR.

SGA

SGB
™BLI L J 1N n/|

DCG|I LTI UL L
RST |

RS
SHR

SG PD TX FDDCG C

SHS

AL [PrLl

S K&

8. pLFM f& &R R E.

Kl 6(b) 1, M 0.01 Ix FIT 200 K lux 22 PE I & 2
ISR AR IR M W/NT 0.5 1x Bl KK,
TREFIE +1% 3 -1.5% MESEEN. 582 H
2% HDR AHEL, 122X SE HDR LFM #:AEH#i#2 1 9
FLINMRAY LED HiHBR 7issh b [ 7(a) M EE (b)].

TATZATFF & [3] I A0 AR A P SETit ) pLFM. 5 ¥2:
TP IRAT AT 52 B i 50 73 lux A BREIR . pLFM
BRER 7 LA 8.

EE 8 d1, TXA/TXB 1 SGA/SGB #2376 7> )
IR 2 Fik b ey A B R LR (3], e TR A S LR AER
B [0 ] Y U HL T PD WA R B DA R A7l A K H
TR R, KR, DCG M LT3, LA
A CIHIL FD &R H kR, My EHiZkm
pLFM B HIEh A TG . DCG ML 7T LL7E 84S o 1o
KA FE A B W [ 52 H1°F . TXA/SGA F1 TXB/SGB
X B AN TR ik b s e 77 2R T B SRR AR, RG] BA
B U HbAE SRR AR &5 23 L LED Fikodr, {R3iF o] LA & 20—
/™ PDA &\, PDB #fi3k .

www.onsemi.cn

4


http://www.onsemi.cn/

9. [A¥REY LED ¥ [EAT\ BIRATAFIZELTEI,
=@ HDR (T#8) 5 pLFM HDR (&) AL .

PD1 PD2
NNy AR 74
SR EENGT EfEX

—_

': - ‘!‘i
1

10. EAB®1 PD HHEAEN G ERE FDTD *
ZFENESAEAERNXR.

TEV B B, A7 779 a5 A SR I FE 7 DAXCRAE AR 5K
(Z—-> SHS F15—4> SHR) £, #RJE2&M PD H
Pl AT 1) HCG AH R XCRAE 32 (B8 =A™ RST MIZH
—/~ SHS).

fdi FH = B2 ' HDR 1 pLFM #fi 35 [N 4% () LED #% [y
YT+ BT AR 0T B G Lo, o AE B 9 TR R AN
I EE . XL EURESE T LR A SO KA R
LED H:J%.

V. EEE A E & E R R

HH AN B Sk 78 i (0 A% SRS TR I AN PD AR R ]
DA A% 25 A AR LRSI [11) Sl B8 HR URDR ([ 1%
o XA H UK PD R 3R WAH AL N ] T HDR & 3R
R 10 SR T BABAS PD R 1A BRZE 4 i)
B (FDTD) 24540, 5 +30° F1 -30° Z [f 486 f
JEARK

PR AR B S A R BE B AR S AE AR R A A PD
R RERE S EE R

AN \“ “’V’ /’ ’
) R AEREL
i

\\\\\\\\\

1. BTFRAAENEREEILTFEEE,

S BRI K
! !
| | /
\ I |
HERETHE
S IRE
EMEE
MR {EE
agx \EW@%mgﬁ%
e BRI
BIEESTE

& 12. HBANERE PD PEIRENER .

B 11 Jos 1A T LR 22 S5 A8 B AR A AL ) A i 2
AR OGS £ W) MR L A% S AR 1 T BT R B AR R 1 R
Ko WAL S DR ER, ERE A
B AR RGP, PR ARG E A AR AR T
EIR B . MRAE R RORERE, RO Rl T RE S
AR EESII LM R

FERANEER PD LB, NS d- g
A WD 2 B AR S AGH U 1 5000 £ (PDAF) A% 8% Rl
(B 12), THEHESHE 7SI EER, EEKEK
o, ARALIN A I S (A 20 M HE T ORI

Bl 13 o 1R LU UAT v S R AR 67 A2 Fl P 2
AR, X TR IS, FATHIE T XHEERE Sy
Ab P A BB Sk o XK AR T T TRCE AR B N
So Ab. FEILBKEI ROCIOR R AR, RS AT
T LR B ] Dyl S L, AT
1 Pl P R BT A AR R AR SIS, T AT AR R i
AR T, ESEhr b, AT RN 2 3 B R A
A3 B SA ey T ) 58 P A

www.onsemi.cn

5


http://www.onsemi.cn/

13. BRI R E LTS .

D R R I — 2 — . MRS O B EUE
(f-number) HIE X, N & TR LEGSLIEEHAR.
%ﬁwmzﬁ%,ﬁWE%%ﬁE%&mﬂU%%

f(s" —sgy)
Xmax = W (1)

Xf T A% B B 51 b o s AR (5 5 B A AT R, FRAT)
A RATHED R £ R MR A B, W R s :

-1 X
0 = tan (s’ - So’) (2
T B (1) F(2) S, FANMGHE 0T JeHEm
0 B RN S R A BE RS NS OE R  EAR HE, A
SR R 1) AR 5 5 Sk o' P S R 45 Sk A R B AR O,
R, RERE BRI T 5L SRR FTEY
PR WO B I KSR T A B SR R A AR A A5 S AR
by DRI S RYE B A PR o AR BRSNS B BB B AR 1Y
KA BABIRISIR, SOV W ) Rk =

ARG IARRLAE R . BAE, AR SbrBR ], ROTIL
WA AAT KB T e ik 7e 7 e . B 14 o 7 A
[ 852 S A4 D't P 50 A0 B 0 I P A% 3R B 1 RE
ik

%% PDAF HgeHh

00 ‘

1 { =——l1a Ry
- -l 2L
E) &= i1 & L ! J
- r
Ho =il {70 * Bl #
L Q— W .
| 7

BRAFASHHES (cm)

FLEE (mm)

14, GRRECESRCEREMEENXR.

15. R &EBGMENNESHEA/ES
(EAMERL, TR RIE).

PN Sk AR R AR 3R A9 X PD SEIL 78 ¥ 18
Yyt AN RIS AT A U B S A, a0 15
T, Re DL BRRDRS BE SRRk T LK I 2 4 HDR
PGB 5 2, oA O 1 45 P s e ) 40 (3R
LN 30 OSSN N TN /LN 4L SRS

L BR n Ty e o T 5 St L A PRI Bl ) R 9
ZEAE P S A ER RS N AR A AN A

VI. M EELLEE

— S EHT ) HDR LEM 5 18 (BSI) 1% R ML TR bx
MR 1P BT, Wik T ARZEMPGERE
B R H— TS BREHEEDE(LFW) BE. &
KWV H . LFM HDR. #540rb il oK A5 1 b 50
DL AT F Ve AR

www.onsemi.ch

6


http://www.onsemi.cn/

KR1. R HDRLFM &EZHNTESHLE.

AR [10] [4] [5] [6]
EEPNIN 3.0 um 3.0 um 3.0 um 3.0 um 2.8 um
) SE X PD LOFIC SE LOFIC KiMgE KiMgE KiMgE
AR BSI BSI BSI BSI BS
&% LFW 175 Ke- 140 Ke- 78 Ke— 165 Ke- 22 Ke-
ZHSTEE 140 dB 120 dB -110dB 130 dB 120 dB
HDR LFM 120 dB 120 dB -110dB 120 dB 120 dB
3Ll Ol PN 30 dB @ 100°C 25 dB @ 100°C <18 dB @100°C -25dB @ 100°C <23 dB @100°C
fRREE 30dB @ 125°C&8ms | ~20dB @ 125°C <15 dB @125°C <20 dB @ 125°C <18 dB @125°C
TEER HDR LFM 4 &3¢ HDR HDRLFM HDR HDR HDR

pLFM 555 LFM LFM LFM

FE 1, BB HOR A o L SR S A
BHHG ORI . (RS F A E < A

13 »

< o

VII. &g

WATHE 7T HT A 3 um B R, BAH LR
B A\ AR (1) 130 J5 18 % % F HDR EHG AL 8%
AT REAIRY Ko 12 R AN SO VRS 2 R AR 2K
{145 % E Wt HDR. SE LOFIC HDR LFM Fll pLFM.
XA s T ATA IR IR B, TRUE R
THBRINERI) LED AT 6. B Z53R & T +100°C, 3
DVGHEE AL R 140 dB, BT A S5 W LU R 351k 31 51
=T 30dB. 5 HCG 4G, W TEIEFKERE
WEAEUEHNGESE +1% M -1.5% 2 8 K&
FE, ROGAE 5 1k H R v 5 9 UG T B AN WA 1) 1
ORIRALSL .

B g A A5 20 p BB Sk 7 55 1K > PD AH &S
Ao T DU G 2 AR LA U B 52 LK B 25 1 R

erE%.

BATA R IR 7T HE 55 AR T A1 [ 22 44 J5 2 1) P
I H ¥ /MY HDR LFM £ %
Bt

/215 Ross Jatou. Chris Adams 1 Rick Mauritzson ]
SCRFRIRENT o

SE

[1] J. Solhusvik et al., “A 1280x960 3.75 wm pixel CMOS
imager with triple exposure HDR,” in Proc. Int. Image
Sensor Workshop, Jun. 2009, pp. 344-347.

[2] S. Velichko et al., “140 dB dynamic range sub—electron
noise floor image sensor,” in Proc. Int. Image Sensor
Workshop, Jun. 2017, pp. 294-297.

[3] C. Silsby, S. Velichko, S. Johnson, Y. P. Lim, R.
Mentzer, and J. Beck, “A 1.2 MP 1/3° CMOS image
sensor with light flicker mitigation,” in Proc. Int.
Image Sensor Workshop, Jun. 2015, pp. 405-408.

[4] S. Iida et al., “A 0.68e—-rms random-noise 121 dB
dynamic-range subpixel architecture CMOS image
sensor with LED flicker mitigation,” in IEDM Tech.
Dig., Dec. 2018, pp. 2-10.

[5] Y. Sakano et al., “A 132 dB single—exposure—
dynamic-range CMOS image sensor with high
temperature tolerance,” in [EEE Int. Solid—-State
Circuits Conf. (ISSCC) Dig. Tech. Papers, Feb. 2020,
pp- 105-107.

[6] J. Solhusvik et al., “A 1280x960 2.8 um HDR CIS with
DCG and split- pixel combined,” in Proc. Int. Image
Sensor Workshop (IISW), 2019, pp. 254-257.

[7] S. Sugawa et al., “A 100 dB dynamic range CMOS
image sensor using a lateral overflow integration
capacitor,” in IEEE Int. Solid—State Circuits Conf.
(ISSCC) Dig. Tech. Papers, Feb. 2005, pp. 352-353.

[8] Y. Sakano et al., “224-ke saturation signal global
shutter CMOS image sensor with in—pixel pinned
storage and lateral overflow integration capacitor,” in
Proc. Symp. VLSI Circuits, Jun. 2017, pp. C250-C251.

[9] M. Oh et al., “3.0 wm backside illuminated, lateral
overflow, high dynamic range, LED flicker mitigation
image sensor,” in Proc. Int. Image Sensor Workshop,
Jun. 2019, pp. 262-265.

[10] M. Oh et al., “Automotive 3.0 um pixel high dynamic
range sensor with LED flicker mitigation,” Sensors,
vol. 20, no. 5, p. 1390, 2020.

[11] S. Choi et al., “An all pixel PDAF CMOS image sensor
with 0.64 um x 1.28 wm photodiode separated by
self—aligned in—pixel deep trench isolation for high AF
performance,” in Proc. Symp. VLSI Technol., Jun.
2017, pp. T104-T105.

www.onsemi.cn


http://www.onsemi.cn/

onsemi, ONSE€ML, and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as-is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/or specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized for use as a critical component in life support systems
or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should
Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: TECHNICAL SUPPORT
Email Requests to: orderlit@onsemi.com North American Technical Support: Europe, Middle East and Africa Technical Support:
Voice Mail: 1 800-282-9855 Toll Free USA/Canada  Phone: 00421 33 790 2910
[ i Website: www.onsemi.com Phone: 011 421 33 790 2910 For additional information, please contact your local Sales Representative

0


http://www.onsemi.cn/
https://www.onsemi.com/site/pdf/Patent-Marking.pdf

